Introduction
The advent of desk-top microcomputing promoted interest in the use of computers in medical practice, and the value of computer systems integrated with the routine work of clinical departments is now well established':", Much effort has been applied to the setting up of such systems in the past, and the value of customizing a departmental system is well recognized", Most clinicians are not computer experts, and some have made use of simple single file commercially available database programs", Adaptation of a sophisticated commercially available multiuser database and the assembly of a local area network of microcomputers is now within the capabilities of those without any prior computer expertise.
The Apple Macintosh microcomputer is well known for its 'user-friendly' interface and for the uniform way it presents different software applications. It is also ideally suited for forming part of a local area network.
We describe the establishment and use of a Macintosh microcomputer network within a department of cardiology.
Hardware
The system now consists of eight Macintosh 'terminals' linked by the Appletalk network. Each Macintosh has a single internal800Mbyte floppy diskdrive and one megabyte of RAM. The network is served by an Apple 80Mbyte hard disk connected via the parallel interface to an additional Macintosh, which acts as a file server. In addition there is one laser-printer (Apple Laserwriter Plus) and a dotmatrix printer with a sheet-feeder (Apple Imagewriter II) available to all users of the network. One Macintosh has a digitizing tablet attached to the serial port, and this is used mainly for digitizing left ventricular angiograms. Back-up is performed daily onto a second hard disk.
Software
Appleshare fileserver software runs in background on the dedicated server, with Apple Lasershare software (printer spooler) running in the foreground. The system start-up disks will automatically boot-up each computer with access to all public information. Appleshare allows password protection of private volumes on the hard disk. Documents may be printed via the spooler (i.e. the document takes its place in a printing queue and the operator may continue working while printing takes place) or directly to the laser or dot-matrix printers (jumping the queue, but having to wait while the previous document is printed).
Omnis database
We had examined a number of commercially available microcomputer systems designed specifically for the reporting of cardiological investigations and the administration of cardiac patients. None of these systems met our current requirements nor were they capable of changing as our future requirements change. It seemed clear that a database management system would have to be specifically designed, and that the software developer would have to work in close contact with clinicians. The disadvantages of this were: (a) the expense, and (b) the long term dependence we would have on outside software support. Impressed with the ease with which the Macintosh may be used by computer novices, and despite lack of any experience in programming a computer database, we examined the possibility of setting up a departmental database ourselves, using a Macintosh system.
We have used Omnis 3 Plus (Blythe Software, Saxmundham, Suffolk), which is a multiuser relational database manager accessible by up to 64 users simultaneously. The program allows data files up to a maximum of 160Mbytes in size, each of which may consist of up to 24 related files.
The details of programming in Omnis 3 Plus, and the relationship of files in such a relational database have been described elsewhere", Omnis 3 Plus, itself, takes advantage of the familiar Macintosh user interface, making programming very straightforward. Furthermore, the appearance of the finished application resembles standard Macintosh software and employs familiar terminology.
We began in the autumn of 1986 by creating a two-file relational database, which consisted of a patient file and an exercise test file. This has gradually expanded to its current size of nine related files. As the number of files has increased, so more people have been using the system and more computers have been added to the network. The file connections are summarized in Figure 1 . The patient file has a number of connections with other files. These are one-to-many connections which allow each patient record to be linked to, for example, any number of investigations. The individual files are: Results are entered into the database at the time of the investigation by the person performing the test, using their own computer. This process is the only means by which printed reports may be generated for the patient's hospital notes. In contrast to a system where data is transcribed in specific 'sessions' this system ensures thorough and accurate data collection.
Because of the nature of the file connections in a relational database, the results of all tests performed on an individual patient may be retrieved very rapidly. These may then be viewed on the screen, printed (either individually or as a composite report) or saved for direct insertion into the text of a letter. With similar ease a patient's current diagnoses, date of his last clinic visit and name and address of his referring doctor may be found.
The data is frequently used to print standard letters (appointments, invoices, receipts and reminders). All these are accomplished by simply clicking the mouse arrow once over an appropriate area of the screen. Sending invoice reminders is especially easy; the computer will search through the Accounts file for records for which payment has not been made (when it should have been received) and one of a hierarchy of reminders will be printed, depending on the duration of the default. This data can be used to monitor receipts from the different services over a particular period and provides a rapid and reliable means of quantifying all investigations performed in the department over designated periods.
There are now records of investigations and/or letters of over 6000 patients retrievable rapidly from anyone of the eight terminals. When finding a patient record the program initially selects five patients who best meet the selection criteria entered. This takes 4.50±0.3seconds (mean±SEM). Finding the result of a single investigation takes 2.5±0.1 seconds. A list of all of a patient's latest investigations is displayed in 8.8±0.3 seconds. The latest outpatient letter will be found in 4.7±0.2 seconds and can be sent to the printer in 20.3±0.5 seconds.
Macangio and Macvalve
These programs were written for the analysis of digitized left-ventricular cineangiograms and intravascular pressures, respectively, in conjunction with the digitizing tablet", Both programs are written in 'z BASIC' (by SH, who had previous computer expertise, but had no part in setting up the database and network) and use standard Macintosh screen presentation.
General purpose software
Each computer on the network has access to a variety of general purpose software on the server disk. These have proved invaluable for individual research. For example, data storage and analysis, simple statistics, graph plotting and word-processing using Lotus Jazz (Lotus, USA); a bibliographic database using Microsoft File (Microsoft, USA); statistics on Statworks (Heyden & Son Ltd., London) and Statview 512 (Brainpower Inc., USA); word-processing for long documents, such as theses, on Microsoft Word 3; graph plotting on Cricket Graph (Heyden & Son Ltd, London); and production of publication quality figures using one of the many graphics programs available. Data may be extracted from the Omnis database for use in individual research projects, and may be transferred to other programs for further analysis.
Experience
No special training was required in setting up the network or writing the Omnis database. With the exception of the passage of some cables through the ceiling conduit, no external help has been required in connecting the network. Now that the wiring exists it has been easy to insert extra terminals or printers onto the network. The Appletalk server software is almost self-explanatory, and little more than occasional reference to the manual has been necessary. Writing the Omnis database was accomplished by reference to the manual, which was not always clear in its instruction. Most of the development took place in a part-time capacity over a period of approximately three months and additional development now occurs whenever necessary.
Training staff to use the database for retrieving results and writing letters was extremely easy. Approximately 15 min tuition was necessary to teach a secretary who has had no previous contact with computers. Furthermore, the secretaries seemed to prefer to use the computer to type outpatient letters rather than the typewriter. The problem of addressing envelopes is overcome by the use of window envelopes.
The amount of typing required ofthe 'keyboard shy' has been kept to a minimum, and one prerequisite of the database is that data is only entered in order to generate a report or letter. The creation of a database is therefore an implicit by-product of the dayto-day work of the department.
The current approximate cost of the hardware for this system is £14000, and the database, file server and spooler software is £1500. -There have been very few problems with hardware or software. The only major difficulties have been in disk and file server systems. We had tried two different systems, and had suffered some data corruption before the Appleshare software became available. Despite the extra expense in dedicating one computer as a file server, Appleshare has proved the best option, and there have been no serious problems since its introduction. The problems and limitations experienced with other hardware? have not been a feature of this system.
Discussion
A microcomputer network which can be set up with little initial outlay and subsequently expanded is much less expensive and more convenient than a main frame or mini computer. Such a network of microcomputers has two main advantages over a minicomputer with multiple terminals-: (a) each terminal has its own independent processing power, may be used for other tasks such as word processing or, in the case of our system, for analysis of cineangiograms, and (b) a number of peripheral devices, such as printers, may be shared within a network, and spooler software will allow work to continue while documents are waiting to be printed. If a medical database is to be of use, it is important that the system should be 'user friendly', and that those entering the data should be well motivated to do so. Ellis'' had reported problems encountered with inflexible and difficult-to-use software. These problems were eventually overcome by the introduction of a comprehensive highly customized system. However, the programming of such customized systems has often required the assistance of outside software support and programmersv!".
With an increasing requirement to provide audit data, a departmental computer system is of major value", Using a system for routine work, such as compiling discharge summaries, may be a convenient way of providing data specifically for audit purpoees!'. Furthermore, such a system is more likely to provide accurate figures than that of the Hospital Activity Analysis data", It was our intention to establish a powerful database which would allow us to be independent of outside software support. We were fortunate that such a powerful multiuser relational database had recently become available for the Apple Macintosh computer.
Omnis 3 takes advantage of the familiar Macintosh user interface when programming, and its language is relatively easy to learn. The finished product is a customized database which uses all the standard Macintosh commands (pull-down menus and screen buttons etc.). In our case, the database is modelled on the routine work of the department and the menus Use familiar cardiological, rather than computer, terminology.
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The advantages of this system over the previous filing cabinet system is clearly apparent. Retrieving the results of investigations or performing research on this data is now easier, faster and more accurate. The quality of output from the department has improved from hand written to laser printed reports. The secretaries have to do less typing and can find a result without leaving their desk. 'Lost' notes are now much less of a problem.
So far, we have confined the system to the administration of outpatient visits and investigations. The management of discharge summaries with linked diagnostic codes would be a simple and valuable addition.
This highly sophisticated powerful and extremely useful network of microcomputers has been set up in a busy clinical and research department, by personnel with little previous computing expertise. The database is customized to a degree which would otherwise have required external programming support were it not for the user-friendliness of the Macintosh. The system is in routine heavy use, has gained widespread acceptance and has the capacity to expand as our future requirements change. The creation of the database has enabled the data to be used for research purposes and provides figures for annual audit.
We believe that the computer hardware and software described will have a valuable role in extending computing power to those who wish to computerize their units with the minimum of difficulty and expense.
